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DETERMINATION OF AN ANGULAR
REFERENCE POSITION OF A POWER
STEERING SYSTEM FROM RISING AND
FALLING EDGES OF AN INDEX SIGNAL

BACKGROUND

The present invention concerns the general field of power
steering systems, and in particular of electric power steering
systems, as well as the methods for managing such power
steering systems.

More particularly, 1t concerns the methods which allow
determining the absolute position of a movable member of
the steering system, for example the absolute angular posi-
tion of the steering wheel, or the absolute position of the

steering rack.

Indeed, this information on the absolute position of the
steering wheel (or of the rack) may be necessary for carrying
out various onboard functions, such as the automatic return
of the steering to the midpoint, the control of the direction
change indicators or of directional lights orientation, the
parking assist, etc.

To this end, 1t 1s known in particular to deduce the
absolute angular position of the steering wheel from, on the
one hand, an absolute “mechanical” origin position, defined
by factory calibration and, on the other hand, a measurement
of the relative angular position of the shaft of the steering
assist motor, said relative angular position measurement
allowing to quantily the angular displacement of the steering
wheel, and more generally the displacement of the diflerent
constitutive members of the kinematic linkage of the steer-
ing, relative to said origin position.

Advantageously, the absolute original position may cor-
respond to the midpoint of the steering system, that is to say
to the configuration in which the steering wheel (respec-
tively the rack) 1s centered, that 1s to say it 1s oriented neither
to the left, nor to the right.

Nonetheless, in the case of interruption of the electric
power supply of the calculator which stores the information
related to the original position, for example when replacing,
the battery, or still subsequently to a mechanical shift
occurring between the assist motor and the rest of the
kinematic linkage, for example during a skip of the drive
belt which links the shaft of said assist motor to the pimion
which meshes on the steering rack, the reference frame
based on said absolute original position may be lost or
distorted.

This 1s why 1t 1s possible to provide for means, integrated
to the power steering, which allow recovering said original
position.

To this end, 1t 1s known 1n particular to set up, within the
power steering, and more particularly at the steering column
which supports the steering wheel, an « index » -type sensor.

Preferably, such index i1s designed to mark one single
reference position (index position) in the same complete
revolution of the steering wheel, and more particularly, to
generate a pulse when the steering column passes by a
predetermined indexed angular position, which thereby con-
stitutes an absolute mechanical reference.

Starting from the information provided by this index, it 1s
possible, during an 1initial factory calibration operation
(learming), to measure the deviation existing between, on the
one hand, the reference angular position, which typically
corresponds to the angular position occupied by the steering
wheel when crossing the index and, on the other hand, the
position of the selected absolute origin, which typically
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corresponds to the angular position occupied by this same
steering wheel when the steering 1s 1n 1ts midpoint.

In particular, the angular positions may be measured by
means of any suitable sensor, and for example by means of
an angular position sensor associated to the shait of the assist
motor.

Ultimately, the absolute origin of the steering mechanism
may be defined as being the (algebraic) sum of the reference
position (position tracked by the 1ndex) and of
an « oflset» -type corrective term, which corresponds to the
alorementioned deviation, 1mitially assessed by calibration.

According to this principle, 1t 1s possible at any moment,
as long as the mformation on the reference position (index
position) 1s known, to recover the absolute origin of the
reference frame of the steering, by adding to this reference
position (index position) a corrective term, which corre-
sponds to the angular deviation (oflset) mitially measured
during the factory calibration operation.

In practice, by combining the information, on the one
hand, derived from the index and, on the other hand, from
the sensor which measures the relative angular position of
the shaft of the assist motor, and more particularly by
identifving the relative angular position of the motor shatt at
which the index pulse 1s detected, 1t 1s advantageously
possible to re-calibrate the measurement reference frame,
whenever necessary, by recovering its absolute origin.

In this manner, it 1s possible to assimilate again, in this
re-calibrated reference frame, the relative angular position

of the motor shaft to the absolute angular position of the
steering wheel.

SUMMARY

Nonetheless, such a method for determining the absolute
origin, which 1s based on the detection of a reference
position by means of an mdex, may sometimes suller from
some 1naccuracy.

Indeed, when 1t becomes necessary to re-calibrate the
measurement reference frame, the index implementation
conditions, and more generally the steering conditions, may
differ from the conditions under which the calibration has
been performed 1n the factory.

The implementation conditions of the index not being
strictly reproducible, some maccuracy aflects the measure-
ment of the reference position per se, and, consequently, the
definition of the absolute origin from this reference position.

In particular, this inaccuracy may find 1ts origin within the
thermal drifts of the index, the varnations in temperature
tending actually to modily the width of the index pulse.
More particularly, when the temperature of the sensor
increases, the pulse width, and in particular the width at half
height, also tends to increase, which may distort a tracking
of the reference position if said tracking i1s based on the
detection of the rising edge or of the falling edge of said
pulse.

Another source of error lies 1n the 1ntrinsic elasticity of the
mechanical members which form the kinematic linkage
which links the shaft of the assist motor to the steering
column equipped with the index, or in the clearances which
may exist at the links between these mechanical members.

Indeed, elastic deformations or clearances in the kine-
matic linkage may generate a shilt between the marker
attached to the assist motor and the marker attached to the
index, which may impair the reliability of the correlation
(which 1s supposed to be exact, in the assumption of a
perfectly rigid kinematic linkage) between the relative angu-
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lar position measured at the level of the motor shait and the
indexed absolute position detected by the index.

A thermal expansion or contraction of the steering mem-
bers, and 1n particular of the rack, may also contribute in
shifting the index.

Finally, another type of error may result from the condi-
tions under which the passage of the steering column 1n front
ol the indexed position 1s carried out, the apparent position
and the width of the index pulse being 1n particular likely to
be sensitive to the instantaneous speed of rotation of the
steering wheel, or still to the magnitude of the forces which
are exerted on said steering wheel or on the steering rack.

Consequently, the objects of the mvention aim at over-
coming the aforementioned drawbacks, and proposing a new
type of power steering system and a new method which
allow to define rapidly, with improved accuracy and reli-
ability, a reference position of power steering system, from
which the absolute positions of the members of said power
steering system are determined.

The objects of the invention are achieved by means of a
method for defining a reference position of power steering,
system, said power steering system comprising at least one
movable steering member the position of which varies based
on the orientation given to the steering, said method com-
prising:

a tracking step (a), during which an index pulse 1s
generated when the movable steering member passes
by a predetermined position, called «indexed
position» ,

a processing step (b), during which the index pulse 1s
analyzed 1n order to detect a rising edge and/or a falling
edge therein,

a characterization step (c¢), during which a value called
« edge position» , which 1s representative of the posi-
tion occupied by the movable steering member when
said edge occurs, 1s associated to the rising or falling
edge, 1dentified during the processing step (b),

said method being characterized 1n that:

the tracking (a), processing (b), and characterization (c)
steps are repeated, on the one hand, for a first index
pulse which 1s generated when the movable steering
member crosses the indexed position 1n a first direction
of displacement, and on the other hand, for a second
index pulse which 1s generated when said movable
steering member crosses this same indexed position 1n
a second direction of displacement, opposite to the first
direction of displacement, so as to acquire, respec-
tively, on the one hand, a first edge position, which
corresponds to a first edge generated 1n the first direc-
tion of displacement, and on the other hand, a second
edge position, which corresponds to a second edge
which 1s generated 1n the second direction of displace-
ment and which 1s of the same rising or falling nature,
as the first edge,

and 1n that said method includes a step (d) of calculating,
a reference position, during which a reference position of the
power steering system 1s calculated from the first edge
position and the second edge position.

Advantageously, the inventors have actually observed
that, by finding the reference position, that 1s to say the
actual center of the indexed position, based on two edges of
the same nature (for example two rising edges) correspond-
ing to the same indexed position which 1s « seen» , on the
one hand, in a first direction of passage then, on the other
hand, 1 a second direction of passage opposite to the first
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one, 1t 1s possible to significantly reduce the errors related to
an estimation which was based so far on one single passage,
and on one single pulse.

Indeed, by averaging the two (distinct but substantially
symmetrical) perceptions of the same indexed position, as
they are delivered by the two pulses which correspond to
two crossings, 1n opposition, and more particularly in the
clockwise direction then in the counterclockwise direction
(or vice versa), of the same single physical angular position
of the mndex sensor, the errors related to the first pulse are
compensated by the (substantially symmetrical) errors
related to the second pulse, so that, generally, on average,
said errors, as well as the hysteresis phenomena, cancel each
other.

Thus, the method allows overcoming the aforementioned
sources of errors, and thus defining, with a high accuracy
and a great reliability, an absolute reference position which
corresponds to the actual physical center of the indexed
position.

In other terms, the method 1n accordance with the inven-
tion advantageously makes the measurement of the refer-
ence position (index position) reproducible, by reducing and
cven eliminating the drifts and the sources of inaccuracy,
regardless of the moment at which said measurement of the
reference position takes place.

Thus, said method advantageously allows defining the
absolute origin of the steering reference frame 1n a reliable
and updatable manner, at any time during the life of the
vehicle, based, on the one hand, on the reference position
(which 1s updated whenever necessary by a new index pulse
acquisition) and, on the other hand, on an (origin) corrective
term determined initially by factory calibration as indicated
hereinabove.

DETAILED DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the mmvention
will appear 1n more details upon reading the description that
follows, as well as with reference to the appended drawings,
provided only for an illustrative and non-restrictive purpose,
among which:

FIG. 1 illustrates, according to a schematic view, an
example of power steering system 1n accordance with the
invention.

FIG. 2 illustrates a diagram of the operation of a method
in accordance with the invention.

FIG. 3 illustrates, 1n a diagram representing a first and a
second 1ndex pulses generated, respectively, 1 the clock-
wise direction and in the counterclockwise direction, the
definition principle of the edge positions, as well as of a
reference position, which herein corresponds to the common
center of said index pulses.

DETAILED DESCRIPTION OF EMBODIMENTS

The present invention concerns a power steering system
1, as well as a method for defining a reference position 6, -
of power steering system, said power steering system 1
comprising at least one movable steering member 2, the
position of which varies according to the orientation given
to the steering system.

As 1s 1llustrated in FIG. 1, the power steering system 1
according to the invention may advantageously comprise, 1n
a manner known per se, a steering column 2, which prefer-
ably forms the movable steering member 2 within the
meaning of the invention (and which may be assimilated, for
convenience, to said movable member 2 1n the following),
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said steering column 2 carrying at one of 1ts ends a steering
wheel 3, on which the driver can act 1n order to choose the
orientation of the steering system, and at its other end a
pinion 4 which preferably meshes on a rack 5, 1n turn guided
in translation in a steering housing fastened on the body of
the vehicle (not shown).

Preferably, each of the left and right ends of the rack 3 are
linked to a steered wheel 6, 7 via a steering tie rod 8, 9, so
that the alternating displacements of the rack 5 control the
changes of orientation (1n a yaw fashion) of said steered
wheels 6, 7, that 1s to say the orientation of the steering
system.

The steering system 1 also comprises a bidirectional
rotation assist motor 10 whose shaft 11 1s coupled to a
movable member of the steering, such as the steering
column 2 or the rack 5, so as to be capable to apply to said
movable member 2 a driving or possibly resisting assistance
force, according to predetermined assistance laws.

In a particularly preferable manner, said assist motor 10 1s
an electric motor, and more particularly a direct current
motor.

Nonetheless, the invention might possibly apply to
another type of assist motor, for example a hydraulic motor.

According to a possible variant, illustrated 1n FIG. 1, the
assist motor 10 may be coupled to the rack 5 via a drive
mechanism with a transmission belt 12 and a ball screw 13.

Nonetheless, the invention 1s perfectly applicable to any
steering system fitted with any assist mechanism.

Thus, the steering 1 might include, for example, a dual-
pinion assist mechanism, in which a drive pimion fastened to
the shaft 11 of the assist motor 10 would mesh on teeth of
the rack 3, at a distance from the pinion 4 operated by the
steering column 2, or a single-pinion assist mechanism, 1n
which the assist motor 10 would act directly on the steering,
column 2, for example via a reducer with a worm wheel and
WOIm SCrew.

According to the invention, the method for defining a
reference position 0, - comprises a tracking step (a), during
which an index pulse T1, T2 1s generated when the movable
steering member 2 passes by a predetermined position,
called « mndexed position» .

Concretely, an 1ndex sensor, hereinafter called
« index» 14, will be used to this end, which allows to
physically track an absolute position of the movable steering
member 2, 1n a reference frame considered as fixed and
relative to which the guided displacements of said movable
steering member 2 are performed, such as the reference
frame associated to the body of the vehicle and/or the
reference frame associated to the steering housing (wherein
said steering housing 1s preferably fastened to said body).

Advantageously, the index pulse T1, T2 will form a pulse
with non-zero width (the width will correspond, for
example, to a 30-degree rotation of the steering wheel),
preferably 1n the form of an analog signal, and for example
a bell-shaped curve.

Advantageously, an index pulse T1, T2 will be generated
automatically at each crossing, by the movable steering
member 2, of the point (or of the sector, in particular the
angular sector) corresponding to the indexed position.

Preferably, as 1s 1llustrated in FIG. 2, it 1s possible to use
an index 14 comprising a magnet 15, secured to the movable
member 2, and intended to cooperate with a magnetic
detector 16, such as a Hall-eflect probe, which 1s, i turn,
fastened to a sensor housing 17 (secured to the steering
housing) relative to which the displacement of said movable
member 2 1s performed.
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6

Thus, the passage of said magnet 15 in front of the
magnetic detector 16, for instance at the closest distance
from said magnetic detector, generates a variation of the
magnetic field which passes through said detector 16, 1n this
case the apparition of a magnetic field peak, which results
into an index pulse T1, T2.

In other terms, the index pulse T1, T2 i1s preferably an
analog pulse delivered by a magnetic index sensor.

Thus, 1t 1s possible to generate an 1ndex pulse by means
of an index 14 with a relatively simple, robust, compact, and
low-cost structure, and which advantageously operates with-
out contact, and therefore without generating any wear.

Where appropnate, the index 14 might operate according,
to a technology other than a magnetic one, and 1n particular
an optical one. For example, it may be possible to provide
a hole or a reflecting system on the movable steering
member 2, which would allow generating a light pulse, 1n
the visible or invisible (for example inirared) spectrum, by
interacting, by transmission or reflection, with an incident
beam emitted by a light source secured to the sensor housing
17 (in turn secured to the steering housing). The transmitted,
deflected or reflected beam will be then perceived by an
optical detector, such as a photodiode or a CCD, also placed
on the sensor housing 17.

According to a preferable variant, the index 14 will form
a rotational sensor, tracking an indexed position which
corresponds to an angular position 1n a rotational motion of
the movable steering member 2, for example an absolute
angular position 1n an operating revolution of the movable
steering member 2, and more particularly 1n a revolution of
the steering wheel 3.

Moreover, the movable steering member 2 will be pret-
erably constituted by the steering column 2 which carries the
steering wheel 3.

It will be then advantageously possible to generate an
index pulse T1, T2 at each passage of said steering column
2 by a predetermined indexed angular position.

More particularly, according to one embodiment, the
index pulse signal T1, T2 may thus be generated during the
passage 1n rotation of the portion of the steering column 2
carrving the magnet 15 facing (closest to) the magnetic
detector 16 that 1s carried by the sensor housing 17 1n which
said steering column 2 rotates under the action of the
steering wheel 3 to which said steering column 1s secured.

Advantageously, 1t will be noted that placing the index 14
at the steering column will allow for a stmple and compact
integration of said index 14.

This being so, according to another possible variant of the
invention, the index may be formed by a translational sensor.

Thus, the mnvention may perfectly apply by arranging the
index 14 differently, for example at the rack 5, so as to detect
the passage 1n longitudinal translation of a section of said
rack 5, for example the middle (mid-length) of said rack,
carrying the magnet 15, by an indexed position matenalized
by a magnetic detector 16 integrated to the steering housing
which guides the translation of said rack 5.

In all cases, the power steering system and the index 14
will be preferably arranged so that the indexed position,
tracked by the index 14, 1s by construction relatively close
to the midpoint of the steering system.

Advantageously, such a choice allows in practice to
generate an index pulse T1, T2 rapidly, shortly after unlock-
ing the steering system and starting-up the vehicle, since
low-amplitude motions of the steering wheel are then
enough to cause crossing ol the indexed position, and
therefore generating a pulse that 1s exploitable to calculate a
reference position.
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As an 1indication, the indexed position, encoded by the
index 14, will then be located preferably within an angular
range comprised between -3 degrees and +3 degrees (of the
steering wheel angle) relative to the midpoint.

The midpoint will preferably correspond to the configu-
ration according to which the power steering system 1 1s
substantially at a mid-stroke between its position of full
steering to the left and 1ts position of full steering to the
right, the steering wheel 3 being in the central angular
position, neither turned to the left, nor turned to the right,
and/or, 1n an equivalent manner, the rack being in the central
position, at a mid-stroke along 1ts longitudinal direction of
displacement, in the steering housing. Such a midpoint will
then correspond to a « steering wheel zero» , defined at the
level of the steering mechanism itself.

Nonetheless, 1t will be noted that, in an alternative or
complementary manner, but substantially equivalent 1in prin-
ciple, 1t 1s possible to define a midpoint at the level of the
vehicle, of the « straight line zero» type, as corresponding
to the configuration in which the steered wheels 6, 7 present
a zero steering angle, which maintains the vehicle on a
straight-line path.

Moreover, the power steering system 1 being (manually)
driven by means of a steering wheel 3, at most one 1index
pulse T1, T2 1s preferably generated per full revolution of
the steering wheel 3.

Such an arrangement will enable 1dentifying accurately,
and by means of an index 14 with a simple and non-
redundant structure, the imdexed position, and then associ-
ating, without possible confusion, this information on the
indexed position to the imformation on the angular position
measured by means of another sensor, preferably associated
herein to the shaft 11 of the assist motor 10.

According to one variant of implementation, it 1s possible
to generate one, and only one, index pulse per full revolution
of the steering wheel 3.

According to this variant, which 1s particularly well-
adapted to a rotational index 14 technology tracking, for
example, an indexed angular position (one per revolution) of
the steering column 2, the index 14 may thus provide one
single « top» per revolution of the steering wheel, that 1s to
say per 360-degree mechanical rotation of the steering wheel
3.

As a complement, 1f the total stroke of the steering wheel
3 extends over several revolutions, and for example sub-
stantially over three revolutions, it may be possible to
complete the index 14 by adding a revolution indicator
(typically a revolution counter) thereto which enables dis-
tinguishing in which revolution the steering wheel 1s
engaged, and for example determining whether 1t 1s the
revolution corresponding to left turning, the revolution
corresponding to right turning, or the central intermediate
revolution.

It 1s then possible, during the tracking step (a), to consider
the index pulse T1, T2 only 1f this 1s generated while the
steering wheel 3 1s 1n 1ts central intermediate revolution, that
it to say only when 1t 1s possible to atlirm that, mechanically
and by elimination, a pronounced turning situation 1is,
excluded, so that the steering wheel 1s necessarily located 1n
a revolution which allows said steering wheel to actually
pass through the midpoint.

According to another variant of implementation, 1t may be
possible to arrange the index 14 so that it delivers only but
one single index pulse 11, 12 through the entire stroke of the
movable steering member 2 (in a considered monotone
travel direction), that 1s to say that the index 14 marks only
but one angular position over the entire angular range of
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rotation of the steering wheel 3 (from the extreme position
of full steering to the left up the opposite extreme position
of full steering to the right).

Such a varnant of implementation 1s particularly adapted
to a translational sensor, allowing for example to encode a
single position of the rack 5 with respect to the steering
housing.

Furthermore, 1t physically guarantees the uniqueness of
the imndexed position, thus excluding any error related to a
phase-shift (equivalent to one revolution of the steering
wheel) when determining the reference position.

Advantageously, the method in accordance with the
invention comprises, subsequently to the tracking step (a), a
processing step (b), during which the index pulse T1, T2 1s

analyzed to detect a rising edge F1, F2 and/or a falling edge
F3, F4, as 1s illustrated in FIG. 2.

The rising edge F1, F2 of an index pulse T1, T2 may be
detected when the analog signal of said pulse T1, T2,
derived from the index 14, crosses (along an upward slope)
a predetermined high threshold S as 1s 1llustrated 1n
FIGS. 2 and 3.

Similarly, the falling edge of an index pulse T1, T2 may
be detected when the analog signal of said pulse T1, T2,
derived from the index 14, crosses (along a downward slope)
a predetermined low threshold S lower than the afore-
mentioned high threshold S_ .

Thus, as each pulse T1, T2 may be characterized by a
rising edge and by a falling edge (separated by a character-
istic value of the pulse width), 1t 1s advantageously possible
to convert (translate) each index pulse T1, T2 into a logic
pulse signal (for example a Boolean-type binary signal), as
1s 1llustrated in FIGS. 2 and 3.

The method 1n accordance with the mnvention then com-
prises a characterization step (¢) during which a value called
« edge position» 0., O0.,, 0.3, O0-, 15 associated to the
rising or falling edge F1, F2, F3, F4, identified during the
processing step (b), which value 1s representative of the
position (and more particularly of the angular position)
occupied by the movable steering member 2 when said edge
F1, F2, F3, F4 occurs.

Conventionally and for convenience, regardless of the
concerned movable steering member 2, the position of said
steering member 2 will be preferably expressed 1n the form
of an equivalent angular position, corresponding to the
angular position that should be occupied by the steering
wheel 3 1n order to enable said member to be in the
considered configuration.

As an 1indication, the width of either one of the index
pulses (the width herein being of 0,.,-0., for the first index
pulse T1) may be comprised between 20 degrees and 40
degrees, and for example substantially equal to 30 degrees.

The edge position 0., 0, 03, 0, which corresponds to
cach considered edge F1, F2, F3, F4 will be preferably
measured by a second sensor 20, distinct from the index 14,
and more preferably by a relative position sensor, typically
a «resolver» -type mnductive sensor, allowing to measure,
from any freely selected origin, the different displacements
of a steering member 2 whose variable position depends on,
and 1s representative of, the orientation of the steering
system 1.

Such a relative position sensor will allow determining the
different successive positions of the steering member 2
relative to each other, a position of said steering member 2
being known relatively to another position previously occu-
pied by said steering member 2, and this independently of
any fixed origin.

Frlerx?
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In a particularly preferable manner, a (« resolver» -type)
sensor measuring the relative angular position of the shait 11
of the assist motor 10 will be used as a second sensor 20.

Because of the mechanical coupling existing between the
shaft 11 of the assist motor and the considered movable
steering member, for 1stance the steering column 2, the
position of said motor shaft 11 1s representative, while
considering the reduction ratio of the drive mechanism, of
the position of said movable member 2, that 1s to say for
instance, of the (relative) angular position of the steering
column 2, and therefore of the (relative) angular position of
the steering wheel 3 (and more generally of the relative
modifications of the orientation of the steering system).

Advantageously, expressing the edge positions 0., 0.,
0., 0~, with reference to the shaft 11 of the assist motor 10
allows operating directly, at a lower cost, a relative angular
position sensor which 1s already available because integrated
to the electric assist motor 10, without the need for adding
a specific sensor.

According to the invention, and as 1s illustrated 1n FIG. 3,
the tracking (a), processing (b), and characterization (c)
steps are repeated, on the one hand, for a first index pulse T1
which 1s generated when the movable steering member 2
crosses the indexed position 1n a first direction of displace-
ment CW (herein, conventionally, the ClockWise direction,
with preferred reference to acquiring angular positions), and
on the other hand, for a second mdex pulse T2 which 1s
generated when said movable steering member 2 crosses this
same 1indexed position 1n a second direction of displacement
CCW (herein, conventionally, the CounterClockWise direc-
tion, with preferred reference to acquiring angular posi-
tions), opposite to the first direction of displacement CW.

In this manner, are acquired, respectively, on the one
hand, a first edge position 0.,, which corresponds to a first
edge F1 generated 1n the first direction of displacement CW,
and on the other hand, a second edge position 0., which
corresponds to a second edge F2 which 1s generated 1n the
second direction of displacement CCW and which 1s of the
same rising or falling nature as the first edge F1.

By mere convention, it 1s possible to consider that the
clockwise motion CW 1s associated to a steering operation
to the right, whereas the counterclockwise motion CCW 1s
associated to an opposite steering operation to the left (or
conversely).

The method then comprises a step (d) of calculating a
reference position 0, , during which a reterence position 9, .
of the power steering system 1 1s calculated from the first
edge position 0., and the second edge position 0.,, and
more particularly from an average of the first edge position
0, and of the second edge position 0.

In other terms, the method according to the mmvention
COmMprises:

a step of acquiring a first edge position (step which
corresponds to a first execution of the tracking (a),
processing (b), and characterization (c) steps), during
which a first edge F1 (or respectively F3) 1s detected,
namely a rising edge F1 or (respectively) a falling edge
F3, which belongs to a first index pulse 11 generated
when the movable steering member 2 crosses the
indexed position 1 a first direction of displacement
CW, and during which 1s acquired a first edge position
0., (respectively 0.,) which corresponds to a value
representative of the position occupied by the movable
steering member 2 when said first edge F1 (respectively
F3) occurs,

a step ol acquiring a second edge position (which step
corresponds to a second execution of the tracking (a),
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10

processing (b), and characterization (c) steps), during
which a second edge F2 (or respectively F4) 1is
detected, which 1s of the same rising or falling nature
as the first edge F1 (respectively F3), and which
belongs to a second index pulse T2 generated when the
movable steering member 2 crosses the indexed posi-
tion 1n a second direction of displacement CCW, oppo-
site to the first direction of displacement CW, and
during which a second edge position 0., (respectively
(0~,) 1s acquired which corresponds to a value repre-
sentative of the position occupied by the movable
steering member 2 when said second edge F2 (respec-
tively F4) occurs, then

a step (d) of calculating a reference position, during which

a reterence position 0, . of the power steering system 1
1s calculated from the first edge position 0., (respec-
tively 0.;) and the second edge position 0., (respec-
tively 0.,), and more particularly from an average of
said edge positions.

Advantageously, combining (1in this instance summing up
so as to obtain an average) the information on the edge
positions 0., 0, derived from edges which are of the same
nature (that 1s to say two rising edges F1, F2, or, respec-
tively, two falling edges F3, F4), but which are acquired in
opposite directions of displacement CW, CCW, allows can-
celling, by symmetrical compensation, the errors and drift
phenomena that may individually afiect each one of the first
and second pulses T1, T2.

Thus, the reference position 6, . may be defined very
simply, but yet very accurately.

It will be noted that said reference position 0,,.1s herein
strictly comprised between the first edge position 0., and the
second edge position 0., because of the use of an average,
il any.

Once determined, said reference position 6, - may be
served to set the absolute origin, where appropriate, by
adding to this reference position an oflset-type corrective
value learned during the factory calibration. The position
measurements (via the second sensor 20, which herein
measures relative positions) may then be performed starting,
from (with reference to) said absolute origin.

Preferably, according to one setting possibility, said abso-
lute origin will correspond to the midpoint called « steering
wheel zero» of the steering system 1, as mentioned here-
inabove.

According to another setting possibility, well-adapted to
the end vehicle, the absolute origin may correspond to the
« straight line zero» , that 1s to say to the configuration in
which the steered wheels 6, 7 have a zero steering angle, so
as to enable a displacement of the vehicle 1n a straight line
(configuration which does not necessarily coincide exactly
with « the steering wheel zero» ).

Advantageously, and regardless of the definition chosen
for setting the absolute origin, as soon as the measurements
of relative positions (herein, of the shaft 11 of the assist
motor 10) are (systematically) performed with reference to
this absolute origin, they become, 1n practice, measurements
of absolute positions, for instance measurements of the
absolute angular position of the steering column 2, of the
absolute angular position of the steering wheel 3, and more
generally of the absolute orientation of the steering system
(with respect to 1ts midpoint).

Moreover, 1t will be noted that, in order to enable the
execution of the method according to the invention, 1t 1s
necessary to memorize the edges F1, F2, F3, F4 as well as
the corresponding edge positions O, 0.,, 05, 0-,, and to
classily said edges (associated to their respective edge
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positions) according to the (rising or falling) nature of said
edges, and according to the direction of displacement (direc-
tion of rotation) in which said edges have been acquired, and
this until obtaining enough edges to carry out the calculation
specified at step (d).

In a particularly preferable manner, for stmplicity, rapid-
ity, and symmetrical correction of errors, we will choose
calculating an arithmetic mean of the edge positions (each
edge position being weighted 1dentically to the other).

Preterably, the reference position 6, -may 1n particular be
defined from an average of the first edge position 0, and of
the second edge position 0 ,.,.

Thus, 1t will be possible to define a reference position in
a simple and rapid manner with only two edge positions
corresponding to (only) one pair of edges F1, F2 of the same
nature.

Still more preferably, the reterence position 6, . may be
defined as (exactly) equal to the arithmetic mean of the first
and second edge positions:

0,.~2% (05 +05>).

In particular, this makes 1t possible to define the reference
position 8, . as the average center of the two considered
index pulses T1, T2.

In particular, this will allow the method to rapidly con-
verge, that 1s to say to rapidly identify a reliable reference
position, as soon as the alternating operations of the steering,
wheel 3 by the driver have made 1t possible to acquire two
opposite index pulses 11, T2.

According to another pretferable variant of implementa-
tion of the method, a third edge position 0.5 1s acquired,
which corresponds to a value representative of the position
occupied by the movable steering member 2 when occurs a
third edge F3 (a falling edge in the figures) which belongs
to the first index pulse T1 and which 1s of a nature opposite
to the nature of the first edge F1, as well as a fourth edge
position 0., which corresponds to a value representative of
the position occupied by the movable steering member 2
when occurs a fourth edge F4 which belongs to the second
pulse T2 and which 1s of a nature opposite to the nature of
the second edge F2 and identical (herein falling) to the
nature of the third edge F3.

During the calculation step (d), it 1s then possible to define
the reference position 6, . from an average ot the first,
second, third and fourth edge positions 0-,, 0., 05, 0.,
and preferably define said reference position 6, -as equal to
the arithmetic mean of the first, second, third and fourth edge
positions:

0,.~"2%(05+0+03+05,).

Such mode of obtaining the same will be advantageously
more accurate than the previous mode consisting 1n using
only two edges F1, F2, even though said mode may possibly
require a little longer phase of acquiring the index pulse
analog signals T1, T2.

This being so, 1t will be noted that, herein again, the
acquisition of two opposite pulses T1, T2, corresponding to
two alternating « swerving of the steering wheel 3» 1n the
vicinity of the indexed position (wherein said indexed
position 1s 1n turn preferably close to the midpoint of the
steering), 1s enough to obtain a convergence toward the
reference position.

As imdicated hereinabove, the power steering system 1
comprising an assist motor 10, the edge positions 0, 0.,
0., 0., are preferably defined by the angular positions of
the shaft 11 of the assist motor 10, in such a manner that
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these angular positions are measured when the considered
edges F1, F2, F3, F4 (respectively) occur.

In other terms, during the characterization step (c), the
(relative) angular position of the motor shaft 11 1s measured
at the moment when the considered edge F1, F2, F3, F4
occurs, and this relative angular position value 1s considered
to be the edge position (all edge positions being thus
expressed 1n the same reference frame of the assist motor
10).

Preferably, said angular positions are measured by means
of a relative position sensor 20, such as a «resolver» .

Of course, the invention may relate to any method using,
the aforementioned method for determiming the reference
position, and 1n particular to a method for determining the
absolute angular position of a steering wheel 3 equipping a
power steering system 1 provided with an assist motor 10,
said method comprising a pre-sequence homing phase,
during which a reference position Oref 1s determined accord-
ing to a method in accordance with the invention, and,
preferably by means of a corrective term obtained by factory
calibration as described hereinabove, the origin of an angu-
lar reference frame i1s set from this reference position,
angular reference frame wherein the operations of the steer-
ing wheel are performed, said method then comprising a
position measuring phase during which the relative position
of the shaft 11 of the assist motor 10 (or the position of any
other movable steering member belonging to the kinematic
linkage operated by the steering wheel 3, and whose position
1s therefore representative of the position of said steering
wheel 3) 1s measured, 1n said angular reference frame, by
means of a relative position sensor 20, preferably of the
« resolver» type, so as to express the absolute position of
the steering wheel.

The invention also concerns a data medium readable on a
calculator and contaiming code elements of a computer
program which makes 1t possible to implement a method
according to any one of the variants of the mvention when
said medium 1s read by a calculator.

The mvention also concerns, as such, a power steering
system 1 which comprises at least one reference support,
such as a steering housing, as well as at least one assist
motor 10 and at least one steering member, such as a steering
column 2, which 1s bidirectional, that 1s to say movably
mounted relative to the support so as to be able to be
displaced alternatively 1n a first direction of displacement
CW and 1n an opposite second direction of displacement
CCW, and which 1s coupled to the shait 11 of the assist
motor 10 so as to be able to perform the steering operations,
sald power steering system also comprising an index 14
which generates an index pulse T1, T2 at each passage of the
steering member 2 by a predetermined indexed position, as
well as a relative position sensor 20 allowing to measure the
angular position of the shaft 11 of the assist motor 10.

According to the invention, said power steering system
comprises an analysis unit 30 (typically an electronic cal-
culator which may be integrated to the assist motor 10)
which 1s structured or programmed to detect the rising F1,
F2 and/or falling F3, F4 edges of the index pulses T1, T2,
memorize the angular positions, called « edge positions»
O, 045, Oz, 04, Of the shaft 11 of the assist motor which
correspond to said edges, classity the edges F1, F2, F3, F4
by nature, based on whether said edges are falling or rising,
classiiying said edges based on the clockwise CW or coun-
terclockwise CCW direction of displacement, in which the
index pulse T1, T2 to which each considered edge belongs
has been generated, then calculate a reterence position 0, .
based on two edge positions, and more particularly based on
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an average of two edge positions, associated to two edges
F1, F2 (respectively F3, F4) of the same nature each derived
respectively from a first index pulse T1 and from a second

index pulse T2 which correspond to opposite directions of

displacement CW, CCW of the steering member 2.

The invention also relates to an analysis unit 30 as such,
and more generally to a power steering module (subset of the
power steering system), such as an assist motor/controller
set, which 1s intended to be integrated 1n a power steering
system, and which contains such an onboard analysis unit
30.

Finally, the invention relates of course to a vehicle, and in
particular a motor vehicle, equipped with a power steering,
system 1 according to the invention, which can advanta-
geously control the orientation of the steered (and possibly
drive) wheels 6, 7 of said vehicle.

Of course, the invention 1s not limited to the sole
described vanants, those skilled 1n the art being in particular
capable of freely 1solating or combiming together either one
of the aforementioned features, or to substitute them with
equivalents thereof.

Thus, 1t will be noted that, in a general manner, using
detecting two distinct index pulse edges, of the same (rising
or falling) nature but corresponding to pulses generated by
the crossing of the same imndexed position, 1n a first direction
CW then 1n an opposite second direction CCW, 1n order to
calculate a reference position of a power steering system,
may constitute an invention on its own, regardless of the
information (in particular the information about position)
derived from said edges, and regardless of the nature of the
processing applied to this information (and in particular
regardless of the nature of the calculation step (d), as long
as the calculation step (d) allows determining the reference
position from the information on the edges, 1 particular
from the respective positions of each of the edges).

What 1s claimed 1s:

1. A method for defining a reference position of a power
steering system, said power steering system comprising at
least one movable steering member whose position varies
according to the orientation given to the steering system,
said method comprising;:

a tracking step (a), during which an mdex pulse 1s
generated when the movable steering member passes
by a predetermined 1indexed position;

a processing step (b), during which the index pulse 1s
analyzed 1n order to detect a rising edge and/or a falling
edge therein;

a characterization step (¢) during which an edge position,
which 1s a value representative of the position occupied
by the movable steering member when said edge 1s
produced, 1s associated to the rising or falling edge
identified during the processing step (b);

wherein

the tracking (a), processing (b), and characterization (c)
steps are repeated, on the one hand, for a first index
pulse which 1s generated when the movable steering
member crosses the indexed position 1n a first direction
of displacement, and on the other hand, for a second
index pulse which 1s generated when said movable
steering member crosses this same indexed position 1n
a second direction of displacement, opposite to the first
direction of displacement, so as to acquire, respec-
tively, on the one hand, a first edge position, which
corresponds to a first edge generated 1n the first direc-
tion of displacement, and on the other hand, a second
edge position, which corresponds to a second edge
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which 1s generated 1n the second direction of displace-
ment and which 1s of the same rising or falling nature
as the first edge;

and wherein said method includes a step (d) of calculating,

a reference position of the power steering system from
the first edge position and from the second edge posi-
tion.

2. The method according to claim 1, wherein the reference
position 1s defined from an average of the first edge position
and of the second edge position.

3. The method according to claim 1, wherein a third edge
position 1s acquired, which corresponds to a value represen-
tative ol the position occupied by the movable steering
member when occurs a third edge which belongs to the first
index pulse and which 1s of a nature opposite to that of the
first edge, as well as a fourth edge position, which corre-
sponds to a value representative of the position occupied by
the movable steering member when occurs a fourth edge
which belongs to the second pulse and which 1s of a nature
opposite to that of the second edge and 1dentical to that of
the third edge, and wherein, during the calculation step (d),
the reference position 1s defined from an average of the first,
second, third and fourth edge positions.

4. The method according to claim 1, wherein, the power
steering system comprising an assist motor, the edge posi-
tions are defined by the angular positions of the shaift of the
assist motor, such that these angular positions are measured
when the considered edges occur.

5. The method according to claim 1, wherein the movable
steering member 1s constituted by the steering column which
carries the steering wheel, and wherein an 1index pulse 1s
generated when said steering column passes by a predeter-
mined indexed angular position.

6. The method according to claim 1, wherein, the power
steering being driven by a steering wheel, at most one mdex
pulse 1s generated per full revolution of the steering wheel.

7. The method according to claim 1, wherein the mndex
pulse 1s an analog pulse.

8. A method for determining the absolute angular position
of a steering wheel equipping a power steering system
provided with an assist motor, said method comprising a
pre-sequence homing phase, during which a reference posi-
tion 1s determined according to a method 1n accordance with
claim 1, and from this reference position is set the origin of
an angular reference frame in which the operations of the
steering wheel are performed, said method then comprising
a position measuring phase during which the relative posi-
tion of the shaft of the assist motor 1s measured, 1n said
angular reference frame, by a relative position sensor, so as
to express the absolute position of the steering wheel.

9. A data medium readable on a calculator and containing,
code elements of a computer program allowing to imple-
ment a method according to claim 1 when said medium 1s
read by a calculator.

10. A power steering system comprising:

at least one reference support;

at least one assist motor;

at least one steering member, which 1s movably mounted

relative to the support so as to be able to be displaced
alternatively 1n a first direction of displacement and 1n
an opposite second direction ol displacement, and
which 1s coupled to a shaft of the assist motor so as to
be able to perform steering operations;

an 1ndex sensor which generates an 1index pulse at each

passage of the steering member by a predetermined
indexed position;
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a relative position sensor allowing to measure an angular
position of the shaft of the assist motor; and
a structured or programmed analysis umt that
detects rising and/or falling edges of the index pulses,
memorizes the angular positions of the shaft of the s
assist motor which correspond to said edges,
classifies the edges by nature, based on whether said
edges are falling or rising,
classifies said edges based on the clockwise or coun-
terclockwise direction of displacement, 1n which the 10
index pulse to which each considered edge belongs
has been generated, then
calculates a reference position based on two edge
positions associated to two edges of the same nature
cach dernived respectively from a first index pulse and 15
from a second index pulse which correspond to
opposite directions ol displacement of the steering
member.
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